This study investigates the role of basolateral amygdala (BLA) dopamine in heroin-induced conditioned immunomodulation. Animals underwent conditioning in which heroin administration was repeatedly paired with placement into a conditioning chamber. Six days after the final conditioning session animals were returned to the chamber and received intra-BLA microinfusions of dopamine, D 1 or D 2 , antagonist. Antagonism of D 1 , but not D 2 , receptors within the BLA blocked the suppressive effect of heroin-associated environmental stimuli on iNOS, TNF-α and IL-1β. This study is the first to demonstrate that the expression of heroin's conditioned effects on proinflammatory mediators require dopamine D 1 receptors within the BLA.
Introduction
The high rate at which heroin users contract opportunistic infections suggests that heroin use may impair the ability of the host to combat infectious disease (Luttgens, 1949; Hussey and Katz, 1950; Louria et al., 1967) . Although it has been postulated that this high rate of infection amongst heroin users results from increased contact with pathogens, possibly through needle sharing or impurities in street grade drugs, there is evidence that heroin may directly impact the clinical course of infection (Kreek, 1990; Farizio et al., 1992; McLachlan et al., 1993) and diseases associated with intravenous heroin use may be influenced by the ability of opioids to modulate immune function (McDonough et al., 1980; Donahoe et al., 1986; Novick et al., 1989; Oschorn et al., 1990) . In fact, clinical studies report abnormalities in basic immune parameters in heroin users, including decreased numbers of circulating lymphocytes, decreased NK cell activity, and reduced antibody-dependent cellular cytotoxicity (Nair et al., 1986; Govitrapong et al., 1998) , suggesting that heroin may further contribute to increased infection susceptibility among users, independently of concurrent risk factors. In further support of this, studies have indicated that human heroin users exhibit poorer immune responses following hepatitis vaccination (Quaglio et al., 2004; Rodrigo et al., 1992) .
New studies in our laboratory have indicated that heroin induces alterations in a number of immunological parameters including alterations in natural killer cell activity, T-and B-lymphocyte proliferation, and nitric oxide production (Fecho et al., 2000; Lysle and How, 2000) . Nitric oxide is produced by many cells of the immune system and it mediates diverse biological functions including vasodilation, the cytotoxic activity of macrophages, and the inhibition of platelet adhesion and aggregation (Suschek et al., 2004; Tuteja et al., 2004) . Opiate drug administration has also been found to alter the production of several proinflammatory cytokines including tumor necrosis factor-alpha (TNF-α) and interleukinone beta (IL-1β) (Chao et al., 1993; Benscsics et al., 1997; Pacifici et al., 2000; Clark et al., 2007) . IL-1β and TNF-α both play critical roles in the body's defense against infectious challenge, while also serving to regulate the immune response to these challenges.
Previous research has shown that the effects of heroin on proinflammatory mediators (nitric oxide, IL-1β and TNF-α) may be conditioned to environmental stimuli that have been associated with drug administration (e.g., Lysle and Ijames, 2002; Szczytkowski and Lysle, 2007) and that these conditioned effects are attenuated by inhibition of the basolateral amygdala (Szczytkowski and Lysle, 2008) . These findings suggest that the basolateral amygdala is an integral component of the circuit mediating the conditioned effects of heroin on proinflammatory mediators. The current study further explores the role of basolateral amygdala by examining the dopaminergic inputs to this brain region and their involvement in the expression of heroin-induced conditioned immunomodulation. Interestingly, the dopaminergic system within the BLA has been shown to be involved in learning and memory and specifically the associative learning that underlies classical conditioning. For example, intra-amygdalar 6-hydroxydopamine injections impaired (Ashford and Jones, 1976) , while post-training intra-BLA dopamine infusions enhanced (LaLumiere et al., 2004 ) memory consolidation of a conditioned avoidance task. In addition, rats with 6-hydroxydopamine lesions of the amygdala exhibit impaired acquisition Journal of Neuroimmunology 226 (2010) 38-47 
